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Thi3  summary  memorandum  is  being  published  to  make  available 
information  on  depth  dependence  of  ambient  sea  noise.  The  data 
were  recorded  in  deep  - ocean  areas  approximately  200  n.  mi.  west  of 
San  Diego.  They  were  acquired  on  three  separate  cruises  during 
April,  June,  and  august  1971*  This  research  was  sponsored  jointly  by 
NAVAIRSY3C0M  53301,  MAVSHIFSY3CCI3  CCVl,  and  OKR  469. 

Problem. 

Measure  ambient  sea  noise  at  various  depths  and  determine  the 
nature  of  ambient  sea  noise  depth  dependence,  if  possible. 

Remits . 


The  limited  data,  reported  herein  showed  decrease  in  sound  pressure 
spectrum  level  with  increase  in  depth.  Decrease  in  levels  ••/ore  greater 
in  the  higher  frequencies  for  ties  band  analyzed*. 


Recommend at  Ions. 

Repeat  the  experiment  with  some  modifications!  to  include  smaller 
increments  of  depth  for  a more  complete  noise/depth  profile;  to  use 
a different  station  location  - - preferably  a different  oceanic  area 
with  significantly  different  parameters;  to  rendezvous  with  other 
laboratories'  measurement,  systems  for  both  intersystem  calibration 

comparisons  and  to  determine  variability  in  ambient  noise  spectra  

at  the  same  depths  at  locations  widely  separated  over  particular 

oceanic  areas.  Measure  sound  • velocity  profiles  and  combine  with 
data  on  bottom  type  and  major  ship  density  for  developing  models  to 
predict  ambient  noise. 
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Samples  of  ambient  sea  noise  at  depths  from  ICO  to  2240  meters 
were  recorded  from  a single  sensor  suspended  from  IIUC's  S0X0DIVER 
and  the  spectral  level  as  a function  of  hydrophone  depth  was  analyzed. 
These  noise  data  were  analyzed  from  8 Hz  to  5 K Hz  in  l/3  octave 
bands.  Within  a stable  period  of  sea  noise  data,  with  minimal  transient 
effects,  5 integrations  of  2 minutes  each  were  averaged.  Examples  of 
the  noise  spectra  at  various  depths  are  shown.  In  general,  these 
data  show  a decrease  in  sound  pressure  spectrum  level  with  increase 
in  depth.  Signal  - to  - noise  versus  depth  is  the  real  objective,  of 
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ILLUSTRATIONS 

Figure  1 Ambient  Sea  Noise  at  ICO  and 

3C0  Meters,  Sound  Pressure 
Spectrum  Level  vs  Frequency  8 

Figure  2 Ambient  Sea  Noise  at  ICO  and 

1000  Meters.  Sound  Fressure 
Spectrum  Level  vs  Frequency  9 


Figure  3 


Figure  A a-e 


Frequency  - Time  Plot  for 

Received  Signal  from  SUS 

KK  - 61  Charges  10 

Ambient  Sea  Noise  at 

incremental  depths  from 

600  to  720  Meters,  Sound 

Pressure  Spectrum  Level 

vs  Frequency  11  - 15 


Figure  5 


Figure  6 


Ambient  Sea  Noise  at  100, 

650,  and  1300  Meters, 

Sound  Pressure  Spectrum 

Level  vs  Frequency  16 

Ambient  Sea  Noise  at  100  and 
2240  Meters,  Sound  Pressure 
Spectrum  Level  vs  Frequency  17 


INTRODUCTION 

It  has  been  established  that  the  ambient  sea  noise  level,  measured 

near  the  surface,  may  be  predicted  by  the  amount  of  interaction  of 

12  3 

wind  and  sea  at  their  interface.  See  Knudser.  , or  VJenz  , for  example. 
While  sene  measurements  made  by  Perrone^  and  others  ^ ^ indicate  that  the 
level  of  ambient  sea  noise  is  a function  of  water  depth,  it  is  not  well 
known  what  relationships  exist  between  noise  levels  measured  at  or  very 
near  the  surface,  and  noise  levels  measured  at  various  depths.  It 
is  the  purpose  of  this  study  to  determine  these  relationships. 

One  of  the  principal  problems  encountered  in  this  study  was  the 
difficulty  in  obtaining  measurements  at  predetermined  depths  at  a 
specified  location  and  time.  In  1971  this  laboratory  successfully 
completed  and  tested  two  SOI'CDTVER  vehicles  and  a SPaRBUOY  vehicle. 

The  S0N0DIV2R  vehicle,  originally  conceived  by  Gordon  II.  Wens , is 
an  unmanned,  untethered  deep  submergence  research  probe.  It  employs  a 
velocity  regulated  buoyancy  control  system  which  enables  it  to  hover 
at  a predetermined  depth,  with  vertical  acceleration  less  than 
C.05  cm/sec  , and  velocity  less  than  1C  cm/sec,  while  gathering  acoustic 
sea  data.  This  laboratory  has  further  developed  a SP.-dlBUOY  vehicle,  an 
untethered,  and  unmanned  surface  vehicle  for  measuring  acoustic  sea 
data  to  depths  of  100  meters.  SPARBUOY  can  be  deployed  from  the  mother 
ship  for  periods  up  to  5 days  and  at  distances  of  up  to  5 miles,  during 
which  time  it  continuously  transmits  acoustic  data  to  the  mother  ship. 

See  appendices  I and  II  for  more  complete  descriptions  of  the  SOI'CDIVKR 
and  SPiiRBUOY. 

Simultaneous  measurements  using  SPARBUOY  and  two  30N0DIVER  vehicles 
were  made.  This  summary  memorandum  treats  the  initial  analysi.3  derived 
from  these  data  sources. 
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METHODS 
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Measurements  were  made  from  100  to  22kQ  meters  and  intermediate 
depths  incorporating  two  SCNODIVERS  and  one  SPjiYBUOY.  The  3PARBU0Y 
sampled  at  ICO  meters  at  the  same  time  SO’.’ODIVER  sampled  at  depth. 

The  depth  of  the  station  areas  was  about  2000  fathoms.  Since  the  set 
of  measurements  were  made  at  the  same  time  and  at  the  same  location 
(S0K0DI7ER  was  launched  within  300  meters  of  3PARBU0Y),  it  is  assumed 
that  any  variation  in  sound  pressure  spectrum  level  is  the  result  of 
differences  in  depth,  rather  than  a change  in  the  noise  field  that  could 
take  place  if  the  measurements  were  not  made  at  the  same  time  or  perhaps 
equally  bad  - - at  the  same  time  but  with  great  horizontal  distances 
between  the  sets  of  measurements. 

Data  from  SPAREUOY  and  SO’.'ODIVER  are  expressed  in  dB  re  1 dyne/cm^. 
The  data  are  processed  in  l/3  - octave  bands  and  converted  to  1 Ha 
bandwidth.  The  l/3  - octave  analysis  was  performed  on  board  with 
analysis  instrumentation  installed  in  a portable  hut.  A description 
of  same  is  shown  in  appendix  III# 

While  the  analysis  was  limited  to  l/3  - octave  filtering,  it  is 
planned  to  process  the  data  in  much  narrower  band-widths  utilizing  an 
EFT  approach.  With  this  capability,  signal  to  noise  in  addition  to 
noise  spectra  as  a function  of  depth  will  be  computed.  Some  preliminary 
data  were  acquired  for  thi3  during  the  April  cruise  utilizing  several 
explosions  from  SU5  KK  - 6l  charges  at  three  ranges,  Frequecy  versus 
time  plots  showing  frequencies  contain!  g principal  energy  content 
were  made  for  ICO  and  1000  meter  reception  depths.  These  sonograms 
were  analyzed  U3ing  a 2.8  cycle  bandwidth#  Explosions  were  at  ranges 
of  ]0,  20,  and  40  n.  mi.,  at  60  and  800  foot  depths. 


RESULTS  & DISCUSSION 

These  data,  while  limited  in  scope,  show  consistent  indications 
of  depth  dependence  of  ambient  sea  noise.  As  the  data  were  acquired  during 
three  separate  cruises  the  discussion  of  results  will  be  so  presented. 

Ar-ril  cruise.  This  cruise  was  on  the  U.3.N.S.  S.P.  Lee.  Station 
location  was  32°  50*  N,  120°  25'  W.  Ambient  sea  noise  was  measured  at 
ICO,  3C0,  and  1CC0  meter  depths.  No  simultaneous  pair  of  sor.odiver 
dives  were  attempted  because  of  high  sea  states  and  equipment  difficulties. 
Simultaneous  measurements  were  made  at  100  and  300  meters  and  at  100 
and  1CC0  meter  depths  using  the  SPARBUOY  and  one  30NODTVER  vehicle. 

Figures  1 and  2 show  definite  decrease  in  sound  pressure  spectrum 
levels  for  both  300  meter  and  1000  meter  depths  compared  to  ICO  meter 
depth.  There  is  only  slight  change  in  spectrum  slope;  it  appears 
that  the  slope  begins  to  fall  off  more  rapidly  at  frequencies  above 
about  1 K Hz  for  the  1000  meter  depth  compared  to  100  meter  depth.  The 
two  spectra  for  the  ICO  meter  data  do  not  coincide  exactly  because 
they  were  measured  at  different  times,  with  slight  changes  in  sea  states 
and  amount  of  nearby  shipping.  The  apparent  increase  in  difference 
between  spectral  levels  for  frequencies  less  than  30  Hz  may  result 
from  induced  noise  in  the  SPARBUOY  system.  This  noise  is  most  probably 
caused  by  cable  - strumming  and/or  excessive  hydrophone  acceleration 
due  to  the  high  sea  states  (about  sea  state  4)  present  during  the 
data  acquisition  periods.  There  is  a pronounced  rise  in  levels  in 
all  the  data,  from  about  40  to  80  Hz.  There  was  considerable  heavy 
shipping  in  the  station  area  during  data  acquisition  periods  which 
might  be  the  cause  of  this  rather  pronounced  anomaly. 

Although  signal  - to  •-  noise  ratios,  as  a function  of  depth,  will 
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later  be  computed  in  narrow  bands  using  an  FFT  approach,  some  results 
of  the  signals  from  the  explosions  of  SUS  KK  - 6l  charges  are  shown 
in  figure  3 * Sonograms  we re  made  on  these  data  using  a 2.8  cycle 
bandwidth.  Well  defined  frequency  components  appear  in  the  data 
for  explosions  at  8 CO  foot  depth,  at  receiver  depths  of  both  100 
and  1000  meters. 

June  cruise.  This  cruise  was  on  the  U.S.N.S,  De  Steiguer.  Station 
location  was  32°  10'  N,  117°  30*  W*  The  principle  objective  for 
use  of  the  S0KQDIVER  and  SPAR3UOY  vehicles  on  this  cruise  was  to 
provide  a measure  of  the  ambient  noise  in  the  vicinity  of  a large 
aperture  array.  , As  a result  of  some  mechanical  difficulties 

with  that  system,  time  was  made  available  for  additional  data  acquisition 
on  depth  dependence  of  ambient  sea  noise.  Sea  state  was  zero;  heavy 
shipping  was  present  during  these  data  sampling  periods.  A fortuitous 
event  took  place  during  one  data  acquisition  period.  The  5 Oh GOITER 
control  mechanism  is  designed  to  hold  the  amount  of  vertical  drift 
to  within  10  cm/sec  during  its'  data  sampling  period.  During  one 
dive,  the  vehicle  slowly  descended  at  about  10  cm/sec  from  6CC  meters 
to  720  meters.  This  data  was  sampled  in  approximately  30  meter 
increments  to  test  for  variability  in  levels  within  these  small 
increments  at  these  depths*  No  significant  variation  was  observed 
(figures  4a  - 4e). 


August  cru:i sc.  This  cruise  was  on  the  U.S.T.’.S.  S.P.  Lee. 
Station  location  was  32°  38*5'  N,  123°  41.5'  •'/*  Sea  was  calm  and 
wind  speed  was  about  8 knots*  Little  or  no  change  was  observed  from 
the  100  meter  3PARJ3UOY  sensor  during  any  of  the  SONODIVER  sampling 


periods*  A double  launch  of  two  3CN0DIVER  vehicles  was  accomplished 
and  simultaneous  ambient  sea  noise  spectra  were  obtained*  The  hover 
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depths  of  the  two  SC'.'GDIVjSR  vehicles  were  650  and  13 CO  meters. 

Figure  3 shows  the  resulting  spectra.  Although  the  differences  in 
levels  are  small,  they  appear  consistent  with  previous  measurements, 
in  that  greatest  change  in  spectrum  levels  are  in  the  higher  part  of 
the  spectra,  A dive  to  2240  meters  was  achieved  and  the  results  of 
these  spectra,  combined  with  the  100  meter  data,  show  inconsistent 
results  compeared  with  similar  previous  data.  The  spectra,  see  figure 
6,  show  an  increase  in  level  in  the  lower  portion  fro::,  about  ICO  Hz 
to  1.25  K Hz. 


rbccmi  ihx;d;vT  ions 

Repeat  the  analysis  on  these  data  with  a much  n r rower  band  - 
width.  Examine  the  possibility  of  a relationship  existing  between 
these  and  signal  - to  - noise  profiles  and  sound  velocity  profiles 
and/or  propagation  loss  data  for  the  corresponding  areas.  Repeat 
experiments  should  be  planned  for  uniquely  different  oceanic  areas, 
with  distinctly  different  sound  velocity  profiles,  bottom  characteristics, 
etc.  Said  data  sample,  combined  with  data  reported  on  heroin,  may 
provide  clues  as  to  a possible  model  to  be  used  in  prediction  of 
ambient  sea  noise/ depth  profiles. 
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A system  block  diagram  cf  the  SCl'CBTVSR  vehicle  is  shown  in 
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The  purpose  of  the  shipboard  sonodiver  processor  is  to  recover, 
format,  and  analyze  the  acoustic  and  status  data  measured  and  recorded 
on  a 7 track  magnetic  tape  by  the  sonodiver  vehicle  during  a dive. 

It  is  significant  to  note  that  a preliminary  analysis  of  the  data  can 
be  made  fox'  evaluation  within  15  minutes  after  a dive  is  completed. 

If  for  any  reason  the  sub-standard  another  dive  can  be  made 

cation  to  gather  new  data. 

ta  . roc  - -j.-  -.  The  status  data  parameters  of  the  vehicle 
(velocity,  temperature,  and  depth)  are  recorded  during  a dive  on  magnetic 
tape  in  a serialized  pulse  cede  format  at  the  rate  of  two  parameters 
per  second.  •>.  sixteen  bit  wo  I'd  is  require  i to  define  each  parameter. 

The  Sono  liver  Processor  accepts  each  , arameter  word  of  the  recorded 
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status  data,  in  the 


format  o 


>f  serialized  PCM,  converts  it  to  a digital 


number , displays  the  number  on  a visual  numeric  read  cut  display,  and 
records  it  on  an  incremental  digital  tare  in  a format  is  acce  table 


\,o  a 


cc.. muter.  This  same  digital  number  is  converted  to  an 


analog  voltage  and  recorded  on  a strip  chart  recorder.  The  result 
of  the  strip  chart  recording  operation  is  a plot  of  each  parameter  as 
a function  of  time  for  the  duration  of  the  entire  dive.  This  pilot 
of  parameters  gives,  at  a glance,  a detailed  analysis  of  vehicle  behavior 
during  a dive.  Figure  1-4  shows  an  example' of  this  display  for  a 
ICC'C  meter  dive  made  during  the  April  cruise, 

Ac  oust  ic  Dots  Processing:.  The  acoustic  ambient  noise  data 
from  one  of  the  four  channels  recorded  on  magnetic  tape  by  the 
Sono. liver  vehicle  is  r resented  to  the  -processor  where  it  is  snectrum 
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analyzed  into  thirty  l/j  octavo  bands  ir.  the  region  from  5 to 
5CCC  Ha.  The  KI-3  level  of  each  bar.!  is  computed  for  a specified 
period  of  tine  an  l converted  to  a digital  number  (0  - 60  dB)  v;hich  is 
recorded  or.  a digital  recorder  in  th  - "or.r.at  that  is  acceptable 
to  a digital  cc.putcr.  In  ad  lit  ion,  an  analog  voltage  representing 
the  R'.J  levels  of  the  30  bands  for  the  opeoifi  i period  cf  tine 
are  generated,  lis-  layed  on  an  oscilloscope,  and  recorded  or.  a hard 
copy  bar  graph. 
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